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Dm of herbicides of the auxin typo for treating transonic crop 
pluta 

The present invention rolatoa to tho use of herbicides of ths 
auxin t ypo tor control Hog broad-leaved Ned s and graas vooda in 
traaagonie crop plants which contain an ACC synthaso antiaonao 
geoe, ACC oxidaae antiaonM gene, ACC dooadnaso gono or 
cuehl nations thereof. 

XO 

Borbicidoa of tho auxin typo lntorforo with vegetable growth 
pr cuoters, tho auxins, etiaulatiag Ntabollc proceases, loading 
to irrogular sorpbology and finally to a do c oopoaition of tho 
tisauo and dying off of tho plants. Tho stimulation of tho 
blooynthoaia of othylono is aaaoclatod with tho actioo of 
borbicidoa of tho auxin typo (Targot aitos for horbicido action , 
Flenus Frees, Bow fork. Iff l, pogo 155, Morgan, F.w. (1975) 

Bffoct of othylono physiology. Xm Borbicidoa physiology, 
blochaoiatry, and ecology, pago 255*290 (Andos, L.J., ed.) 

20 Acadaoic Brass, Bow York). Tho borbieidoa of tho auxin typo ahov 
excellent action against a wide apoctruo of brood-leaved wood a 
and grass woods. Although son crop plants such as eg. rice, rnpe 
and wheat are tolerant to, for exasple, quinelorae, other crop 
plants soch as toMtoos, soybeans, cotton and corn are attacked 
by herbicides of tho auxin typo. 

Borbicidoa of tho auxin typo are known and are described, for 
sxanpls, in DB-OS 21 09 972 and DS-QS 32 23 099. 

30 Transgenic plants which contain an ACC aynthaM antiaonao gono 
are known fros BO 92/04455. This gene inhibits the synthesis of 
1 — tm r y rlo prop ons 1 rarhmryUn acid (ACC) in ethylene 
biosynthesis, whereby, eg. in toNtoee, ripening is suppressed, 
which is seen in the feet that the toNtoee resale green for 
sooths. 

It la as object of the present Invention to demonstrate a route 
which sakee it possible also to on herbicides of the auxin type 
for controlling br ed- leaved Nads and grass Neds in crop plants 

40 which nnrssll j are not tolerant to tho s e herbicides . 

Be Iistb sow' surpr i s i ngl y, found that this object is achieved by 
the un of herbicides of the auxin type for controlling 
biue d l ee r e d Neds sad grans weeds in trass genic cr o p plants 
which contain as ACC eysthass s nt l s e n se gens, ACC o xi d as e 
antisense gwN, ACC' deasdLssse' ■ gene or coabl nations thereof. 
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Herbicides of the auxin type are known and are described in Ralph 
C. Kirkwood, Target sites for herbicide action, 1991 tlenua 
Press, Haw Tc *k, page 154—147 (author X.E. Fellett); Carl Pedtke, 
Blochesdstry and physiology of herbicide action. Springer Verlag 
Berlin, Heidelberg 19S2, pages 157-17$; DE-OS 31 OB B73 
and DE-OS 32 33 0B9. 

There are described, for exaaple, herbicides of the auxin type 
such as phenoxyacetic acids, benxolc acids, pyridinccarboxylic 
10 acids, qulnolinecarboxyllc acids, acetic acids substituted by 
aroaatics or heteroaroestics, and a few special types. 

Suitable phenoorycarboxylic acids are 2,4 d lchlorophenoxy acetic 
acid (2,4-0) , 2,4— dichlorophonoxy butyric acid (2,4-OB), 

2.4- dichlorophenoxypropiooie acid (2,4-DP, dichlorprop) , 

4— chi or o 2 eethylphe n y o xyacetic acid (HCPA), 

( ♦ )— 2— ( 4-chloro- 2 eethy lpbenoxy ) propionic acid (eecoprop), 

2,4, 5-trlchlorophenoxyacetic acid (2,4,5— T), 

3.5.4- trlchloro-2-pyridyloxyacetie acid (triclopyr) and their 
20 salts, esters and snides . 

Suitable bensoic ecids are, for ensile, 

3 amino-2, 5 djchlorobeesolc acid ( ehloranben ) , 

3 . 4- dlchloro- 2 na thoxybentolc acid (dlcamba } , 

2.3.4- trichlorobenxoic acid (2,3, 4-TBA) , 

3.5. 4- trlchloro- 2 ee th o x y b e n sole acid (tricaisba) and also their 

salts, esters and emides. 

Suitable pyridinecerboxylic acide are, for exaaple, 

SO 3, 4-di chi oropyridine-2— carboxylic acid ( elepyr alid ) , 

4— amino-3, 5, 4— trichloropyridine- 3-corboxylic acid (picloram) and 
alao their salts, esters end amides. 

Suitable qulnolinecarboxyllc ecids are, for exanple, 

3 , 7-dichloroquinollpe > carboxylic acid (qulnelorac) , 

7-chloro—J— metbylqui noline- B— carboxylic acid (qulnnerac) and also 
their selts, esters and asides. 

Suitable acetic ecids substituted by aromatics or betaroarometlcs 
40 are, for ample, 4-chlor©-2 , 3-dihydro-2-oxo-l , 3-beosothlaxol- 
3-ylecetic add (benexoULn), 2 , 3, 4-trlchlorophenylacetic acid 
( feeac), indol-3-ylecetic acid (XAA), 1-naphthyl see tic acid (HAA) 
and also their salts, esters end snides. 



09/16/97 13:20 FAX 237 4251 


MICROMEDIA LTD. 


@006 


r 


i 

i 

i 

i 

j 



2165036 


3 

A few special types of herbicides of tho auxin type ars, for 
example* ortbooil and a-onino-3, Wichloro-^-f luoro-2-pyridyl- 
exyacotle acid (fluoroxypyr). 

Ooinclorae and qulnmarsc aro psaforably used. 

Transgonie crop plants which contain a 

1 -eninocyclopropane— 1-car boxy lie acid (ACC) syntha.o antisanso 
gana ara daacribad in WO 92/04455, including tbair preparation by 
10 genetic onginoering and tho isolation of tho underlying DKA. This 
ACC synthaso antisanso gone is responsible for tho fact that tho 
synthesis of tho direct ethylene precursor 1-aminoeyelopropane- 
1 -car boxy lie acid (ACC) is prevented in the biosynthesis of the 
phytobonsone ethylene* whereby the ripening process of the crop 
plants is stopped* which is seen* eg. in the case of tomatoes, in 
the absence of reddening. 

According to J.X. Cray, Plant* Cell and Xnvironment (1994) 17, 

557 to 571, in addition to ACC synthase ACC oxidase and ACC 
20 deaminase also intervene in plant ethylene biosynthesis. ACC 
synthase and also ACC oxidase are encoded in the plant by gene 
families. The expression of these genes is induced as a function 
of the developawnt of the plants or by exertion of influence by 
environmental factors. ACC deaminase genes were until now 
isolated from soil bacteria and incorporated into transgenic 
plants. While the ACC oxidase antisense genes inhibit the 
conversion of ACC to ethylene* ACC deaminase genes lead* in the 
orientation sense introduced into the plant, to the decomposition 
of the ACC synthesised. In all canes, the formation of the 
30 phytohormone ethylene is reduced by this or almost completely 
inhibited. 


It now surprisingly been found that the transgenic crop 
plants ilascrlharl in WO 92/04455* which contain an ACC synthase 
,«», «re tolerant to the abovementioned herbicides of 

the auxin type. 

The herbicides of the auxin type or the herbieidal compositions 

them and their environmentally tolerable salts* eg. of 
40 metals* alkaline earth metals or ammonia and amines or the 

compositions thus containing them, can very 
affectively control broad-leaved weeds and grass weeds in the 
transgenic crops such as- tomatoes, corn* soybeans and cotton, 
without damaging the transgenic crop plants, an effect which 
aepecially occurs even at low application rates. Taking into 
account tha versatility of the application methods * the 
h^itidee of the auxin tm °r compositions containing them can 


i 


09/16/97 


I 


13:21 FAX 237 4251 


MICROMEDIA LTD. 


® 007 


2165036 

4 

additionally ba amployad for tha sllmination of undasirad plants 
in a further rumba r of crop plants. Exsmplas of suitabla crops 
are tha following* 

Allium caps, Ananas comosus, Arachis hypogass, Asparagus 
officinalis , Bata vulgaris spp. altlssima, Bata vulgaris spp. 
raps. Bras sica napus var. nspus, Brassica ncpus var. 
napobrassica, Brassica raps var. sllvsstris, Camsllia sinansis, 
Carthamus tlnctorius, Carya illinolnsnsis, Citrus limon, Citrus 
10 sinansis, Coffaa arabica (Coffaa canaphora, Coffaa llbarica), 
Cucuads sativus, Cynodon daetyloa, Daueus carota, Klaals 
guinaanals, Fragoria vases, Clycina six, Cossypiun hirsutum, 
(Gossypium arboraum, Gossypltsa barbs cs urn, Cossypiun vitifoliun) , 
Baliantbus annuus, B avaa braslliensis, Bordsum vulgar a, Bumulus 
lupulus, Xpomoaa batatas, Joglans ragia, Laos eullnaris, Li nun 
usitatissinun, Lycoparsicon lyeoparsicun, Kolus spp., Kanlhot 
asculsnta, Nadicago sativa, Kusa spp. , nicotians t aba cum 
(V. rustic a) , Olaa a u ropaaa , Orysa sativa, Phasaolus lunatus, 

Ph as solus vulgaris, Picas ablas, Pinus spp., Plsun sativum, 

20 Prunus avium, Prunus parsica, Pyrus co— minis. Ribas sylvastra, 
Ri^>: >s c om m un is, Saechsrum officinarun, Sacala caraala, Sol a nun 
tv -■ . .sum. Sorghum bicolor ( S. vulgora) , Thaobrona cacao, 
Trifoliun pratansa, Triticun aastivun, Triticua durum. Viols 
fobs, Vitis vinifara, fas nays. 

Tha application of tho barbicidal compositions or of tho 
hsrbicidas of tha auxin typo can bo carriod out pra-smargsncs or 
post ana rg s nc a. If tha activa compounds ora lass tolorablo for 
csrtain cr o p plants, application tschniguas can ba usad in which 
30 tba barbicidal compositions ora spray ad with tha aid of tha spray 
aguipawnt such that if possibla tha laavoa of tha aansitiva crop 
planta ara not affactad, whila tha activa compounds raach tha 
laavao of undaairad plants growing uadsr tham or tha uncovsrad 
soil surfaca (post-dlractad, lay-by). 

Tha harbicidaa of tha auxin typa or tha barbicidal compositions 
containing tham can ba appliod by spraying, atomising, dusting, 
broadcasting or wa taring, for axampla in tha form of diroetly 
sprsyabla solutions, powdars, suspansions, avan hlgh-parcantags 
40 agosous, oily or othar suspansions or disparsions, smulaions, oil 
disparslons, pastas, dusting c ompo s itions , broadcasting 
compo s itions or granolas. Tha application forma dapand on tha 
intabdsd usasf in aach caaa if possibla thay should onsura tha 
finaat dispars ion of tha sctiva compounds according to tha 
in van ti on. 
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Suitable inert additives are, intar alia, mineral oil fraction* 
of medium to high boiling point, auch aa keroeene or dieael oil, 
and alao coal tar oila and oila of vegetable or animal origin, 
aliphatic, cyclic and aromatic hydrocarbon* , e^. toluene, xylene, 
paraffin, tetrabydronaphthalene, alkylated naphthalene* or their 
derivative*, methanol, ethanol, propanol, butanol, cyclohexanol, 
cyclohexanone, chlorobenzene, isophorone or atrongly polar 
aolvents, auch aa *,!*— dimethylformamide, dimethyl aulf oxide, 
H-methylpyrrolidone or water. 

10 

Aqueous application forma can be prepared from emulaion 
concentrate*, auapenaiona, paatea, vettable powder* or 
water-diaperaible granule* by addition of water* To prepare 
emulaion* , paatea or oil diaper aiona, the aubatratea aa auch or 
di**olv*d in an oil or solvent can be homogenised in water by 
Man* of wetting agent*, adhesives, dispersant* or emulsifiers. 
However, concentrate* conaiating of active substance, wetting 
agent*, adhesive*, diaperaant* or emulaifiera and possibly 
concentrate* consisting of solvent or oil can alao be prepared, 

20 which are auitable for dilution with water. 

Suitable surface-active substance* are the alkali metal, alkaline 
earth metal and time ml ne salts of aromatic sulfonic acids, eg. 
liguosulfonic, phenol sulfonic, nsphthalenssulfonic and 
di’utylnsphthalenesulfonic acid, aa well a* of fatty acids, 
alkyl- and alkylarylsulf on a tea , alkyl-, lauryl ether and fatty 
alcohol sulfates, and also salts of sulfated hexa-, hapta- and 
octadecanols and of fatty alcohol glycol ethers , condensation 
products of sulfonated naphthalene and its derivatives with 

30 formaldehyde, condensation products of naphthalene or of 
nephthalenesulfonic ecida with phenol end formaldehyde, 
polyoxyethylene octyl phenol ethers, ethoxy la ted isooctyl—, octyl - 
or nonylphenol , alkylphenyl or tributylpbenyl polyglycol ethers, 
alkylaryl polyether alcobola, iaotridecyl alcohol, fatty 
alcohol/ethylene oxide condensates, ethoxy la ted castor oil, 
polyoxyethylene alkyl ethers or polyoxypr o pylene alkyl ethers, 
lauryl alcohol polyglycol ethar acetate, sorbitol esters, 
lignin-sulfite waste liquors or methy lcelluloe e . 

40 Powder, broadcasting and dusting composition* can bo prepared by 
mixing or Joint grinding of the active substance* with a solid 
carriar* 

Granolas, eg* coated. Impregnated and homogeneous granuls* can be 
prepared by^ binding the active coapound* to solid carriers. Solid 
carriar*. are' adneral earths aocb as silicic acids, silica gels, 
silicates, talc, kaolin, limestone, lima, chalk, bole, loeaa. 
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city, dolomite, di»to«tctoui earth, calcium sulfate and magnesium 
sulfate, magnesium oxide, ground synthetic Mttriali, 
fertilisers, aucb aa uaoniua sulfate, ammonium phosphate, 
ammonium nitrate, uraaa and vegetable products ' such aa caraal 
flour, traa bark meal, wood meal and nutahall meal, ealluloaa 
powdar or othar solid carriers. 

Tha formulation a in ganaral contain from 0.01 to 951 by weight, 
prafarably from 0*5 to 90% by weight, of active compound. Tha 
10 activa compounds ara employed hara in a purity of from 901 to 
1001, prafarably from 95% to 100% (according to MKJt spectrum). 

Tha harbicidaa of tha auxin typa can ba formula tad, for example, 
aa follows* 

I. 20 parts by vaight of 3, 7-dichloroquinoline-9-car boxy lie acid 
(quinchlorae) ara dissolved in a mixture which consists of 

80 parts by waight of alkylatad bansana, 10 parts by waight | 

of tha addition product of from 9 to 10 mol of athylana oxida 
20 to 1 mol of olaic acid V-monoethanolamide, 5 parts by vaight 
of calcium salt of dodacylbansanasulfonic sold and 5 parts by 
vaight of tha addition product of 40 mol of athylana oxida to 
1 mol of castor oil. By pouring out tha solution and finaly 
disparsing it in 100,000 parts by waight of vat ar, an aquaous 
dispersion is obtained which contains 0.02% by waight of tha 
active compound. 

II. 20 parts by waight of 7-chloro-3 ■ mat hylqulnollne- 9-car boxy lie 
acid (quinmarac) ara dissolved in a mixture which coneists of 

30 40 parts by waight of cyclohexanone, 30 parte by waight of 

isobutanol, 20 parts by weight of tha addition product of 
7 mol of athylana oxida to 1 mol of isooctylphenol anl 
10 parts by waight of tha addition product of 40 mol of ath- 
ylana oxida to 1 mol of castor oil. By pouring tha solution 
into and finaly dispersing it in 100,000 parts by waight of 
water, an aqueous dispersion is obtained which contains 0.02% 
by waight of tha active compound. 

III. 20 parts by weight of 3,7-dlehloroqulnoline-t-cafboxylic acid 
49 are dissolved in a mixture which consists of 25 parts by 

waight of cyclohexanone, §3 parts by waight of a mineral oil 
fraction of boiling point from 210 to 290*C and 10 parts by 
weight of the addition product of 40 mol of athylana oxida to 
1 mol of castor oil. By pouring the solution into and finaly 
dieparsing it in 100,000 parts by waight of water, an aquaous 
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— -r— * ajion „ Wi 

•ctiv* cottpotmd 

sssr. i™ rsssr-*™* — 

liquor and SO part. ^ * i n ^ !! , l * fro “ * » u i*U. v«, t . 

ground In a humr mill .* l, * po " d * r * d ■llic* g.i and 
20,000 parti by vaig ht of ******* f" 9 th * *i*tur. in 

<ra aix.Xi^’jT * cld 

In tUa liunr . duetlej Cornell tl dlrt * 4 

" * — * "* - ^ Wleh — 

VI ' •«< 
of Rodney lbon t ono»olfoole Lld l o'J!* 1 ?' of c * lclu » e.lt 

. Alcohol polyglycol «th«r 3 * by voight of fatty 

• phanol/uraa/fonwldahyd. c^Oan.^ * °* BO<Uu " of 

0< * P*riffinic ainaral^oil a „m' *? d “ P * rtl b * w.i ght 

obtainad. 1 ° U * A ■****• di»P*r.ion i. 

1 

• f facta, th. harbicidaa o! ’ Y * mrglmtle 

•ppliad jointly with maarou. r. tJrP * CM ** **■•<* »n<J 
or grovth-rogulating activ. of oth « h.rbicid.l 

30 ■“itabl. Kixturo caponanta •*«?!., 

dirivativ.., banaothiadiaxinon.a 2 ^^inl* H ~ 3 'o! > " n,OX * Zin " 
H-phanylcarb«*at#» 2 ' «*-dialtroanllin M , 

«i.,i„„. kui, 

benzefaren tetaUw, L .,!*”?. ‘“T"' «»“!«•—. nr.cll., 
c " rr * «g. • carboxyl or carbLaT»r <W# d * rivatlv ” which 

guinolin .carboxylic acid dari^^T *** 2 “* > ° ,lt ion, 

..... .« 

^°'T, t0 ,‘ relf “• ef a. 

herbicide* .J.o eddltionelly^il •»« «h.r 

'or ea^e rtu, e,'„ t . ^ J^“* r Pr°t.cUo» 

Phytop.thog.aic roa gl or ZlxZil xTT . ] 9 *•■** or 

»i.cibillty with inorganic a^t Jol^, ° f *?*«••* A * th. 

^ Hlt • ol utlon. which ar. aaploy^j for 
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•liainatlng nutritional and trace tltatnc deficienciei 
on-p ytotoxic oila and oil concentrate. can also be addad. 

Depending on tha target of control, tiaa of va*r t-.r ► , 

•nd growth .tag., th. application rata, of activ^ ! 

fro» 0.001 to 3.0. pr.far.bly fro« 0.01 to 1 o ko/hT! *** 
substance (a»a.) * 9 of active 

Exaapl* 

10 

Kild-typ. toaato plwt. (variety VT-36, non-tran.foraad) .„d 

?rnf!°^r a ant f ;* n ” pimnt * °* **• *«■■*«■•« * n.i 

eonatltnH i~~ * 9* n ®*'«tion> which contained tha 

. ** y •*P rM »«d antiaanaa con ■ true t pPO 35 to ACC 

Ta tIIIST L *~* CC 2 ( °* n * r *»• Min-Wong L, T.ylo r L P Plk . DX 
and Theologis A (1991, A.var.ibl. inhibition of tL.to f rult 

■anaacanca by antiaanaa aka, Scianc. 254; 437 to 43P) w. r . 

cultivated at 24/20*C in aoil in 200 al pota (one plant ». 

ao °* 15/9 bour ** Th# »••<* w.. 

m th. aacwd leaf C * nt * r ' Mb * ny ' CA ' 

-cono rear etage, 3 weak, after .owing, tha plant, /i 

y vl * th * *° u ,iti ’ • 

»x par Plant of an aqueoua aolution of 0.1, 0.5 and * , 

°' • "«“• °» ■ b, »oi>«. ot dhso ... 

volume of Methanol and diluted with water. P by 

3" ; rr *. r : 

oi ^ °f “• «"-»>. Tfl. II . 000 . It.' "J”' 

°\? " c ™ It ” h ,h °° c -»d pl.nl: h. l9ht =t nh. 

n - i> - ih * *~ ••=» =... lz «... 

ij a plant# each ( + i tindir d error). values with 

l *««* “• »« •i 9 niIiCMtly «ltL.‘\" I ", 

Duncan 'a Multiple range teat,. P 


Table I 


Wild-type tooato (VT— 3$, 
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T*bl» II Antiaanao tomato (A 11.1) 


Ooioclor.c 

(tag/pl.nt) 

Fr*>h .hoot .... 

(9) 

Plant h.ifht 

0 

5.8 ± 0.5 ■ 

15.4 ± 0.6 . 

0.1 

6.7 + 0.9 . 

i«-l ± 1.3 • 

0.5 

5.1 ± 0.1 a 

14.7 £ 0.8 . 

5-0 

0.8 . 0.2 b 

8.2 £ 0.4 b 


10 Tha valoaa Id Tabla II claarly show tha tolaranca of tha 

antiaanaa tomato to quinclorac up to an amount of 0,5 mg/plant- 
Tha tooato plant la daaagad only at 5 mg, vharaaa tha damaga to 
vild-typa tomato plant bagina avan at 0.1 mg/plant of 
quinclorac. 
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We claim: 

1. A mat hod for controlling broad-leaved weeds and grass weeds 
in transgenic crop plants which contain an ACC synthase 
antisense gene, ACC oxidase antisense gene, ACC deaminase 
gene or combinations thereof by treating the broad- leaved 
weeds, grass weeds and transgenic crop plants with herbicides 
of the auxin type. 

■ - : l 

2. The method as claimed in claim 1, the herbicides of the 
auxin type being selected from the group consisting of 
phenoxycar boxy lie acids, pyridine- carboxylic acids, 
quinolinecarboxylic acids, acetic acids substituted by 
aromatics or heteroaromatics, and their salts, esters and 
amides. 

3. The method as claimed in claim 1, the herbicides of the 
auxin type being selected from the group 2,4-D, 2,4-DB, 

WCPA, mecoprop, dichlorprop, 2,4,5-T, triclopyr, chloramben, 
dicamba, 2,3,6-TBA, tricamba, clopyralid, picloram, 
quinraerac, quinclorac, benaxolin, fenac, IAA, NAA, orthonil 
and f luroxypy r . 

4. The method as claimed in claim 3, quinmerac or quinclorac 
being employed as herbicides of the auxin type. 

5. The method as claimed in claim 1, the transgenic crop plants 
being selected from the group consisting of tomatoes, cotton, 
soybeans and corn. 

6. The method as claimed in claim 1, transgenic crop plants 
being selected which contain an ACC synthase antisense gene. 
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